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INTRODUCTION
Malaria is considered one of the most important parasitic diseases, and it is responsible for approximately 216 million cases and 655,000 deaths annually worldwide (1) . Over the last 12 years, an average of 422,858 cases have been reported annually in Brazil, but although it is estimated that approximately 6,000,000 cases occurred annually in the 1940s (2) (3) . Currently, 99.7% of malaria cases are reported in the Amazon region, and the State of Amazonas accounts for 40% of this total (2) . The State of Amazonas is the largest federal unit of the Brazilian territory, with an area of 1,570,745.680km². It consists of low altitude topography and an equatorial climate and has high temperatures and high rainfall. The phenomena known as El Niño and La Niña are responsible for variations in weather patterns in the Amazon region (4) (5) . The vegetation consists predominantly of upland forests, fl oodplains, and fl ooded forests. The state territory is bordered by the Amazon basin, to which the Amazon River is the main contributor (6) . In addition, 98% of the Amazonas territory is preserved, 23.5% is legally protected by conservation units, and the state ranks fi rst in the conservation of native forests in Brazil (7) . These environmental characteristics, combined with anthropogenic changes, and cultural, social, and climatic factors, are conducive to the formation of Anopheline breeding sites that promote the maintenance of endemic malaria (8) (9) . The infl uence of the environment on malarial transmission can be observed in the seasonal epidemiological profi le, which is characterized by higher transmission intensity from the beginning of the dry season in June until the ebb period in October, when temporary breeding sites form on the river margins (Figure 1) .
THE HISTORY OF MALARIA IN THE AMAZON
The fi rst development cycle (rubber cycle)
The history of malaria in the Amazon is associated with important regional development projects and migrations. Initially, the most signifi cant migration occurred during the rubber cycle (1879-1912). The rubber cycle represented the fi rst development cycle in Amazonas and was stimulated by the global industrialization process in the late 19 th century when the industrial sector required rubber for the manufacture of car tires. At the end of this cycle, the construction of Fordlândia began on the banks of the Tapajós River, more than 1,000km from Belém, to supply the American Ford Motor Company with the latex required to manufacture tires. The low productivity of rubber plantations in the region due to pests, in addition to public health problems such as malaria, promoted the disintegration of the enterprise (10) .
During the rubber cycle in the region, malaria cases were recorded in nearly the entire state, indicating the geographic spread of the disease. The incidence of malaria was higher in the villages near the Madeira River (southern region of the State of Amazonas), where immigrants were concentrated for latex extraction and forest clearing for the construction of the Madeira-Mamoré railroad. High fatality rates were reported for specifi c periods, such as in São Felipe (currently Eirunepé), where an epidemic during the fi rst half of 1911 decimated 48% (411/850) of the population (10) . Even considering the low transmission compared with the rate in the state's southern region, the obituaries in Manaus indicated that malaria was the third most common cause of death in 1885 (11) (12) . In 1900, malaria was already the leading cause of death in Manaus according to offi cial obituaries, with a fatality rate of 77% (1,945/2,516) (11) . This profi le was maintained until the beginning of the economic crisis caused by the decline in the rubber cycle (Figure 2) , which, to a large extent, was due to the increased cultivation of rubber trees in Malaysia (13) . During this period, the already small population of Amazonas decreased by more than 30%.
After 1922, with the creation of the Department of Rural Sanitation and Prophylaxis [Diretoria de Saneamento e Profi laxia Rural (DSPR)], a signifi cant and steady decrease in the incidence of malaria began. Prophylaxis with quinine and sanitation programs had positive effects on disease control until the early 1940s, when a new rubber cycle was promoted by the federal government due to a strong demand for rubber during World War II (11) (12) . During this period, malaria once again became one of the most prevalent diseases in the region. In Manaus, highly lethal outbreaks were reported until the early 1940s (Figure 2) . After the end of World War II in 1945, the demand for rubber from Brazil decreased, and consequently, migration and malaria transmission also decreased (14) .
The second development cycle
Between the 1940s and 1960s, malaria transmission was not reported systematically, creating an information gap during this period and jeopardizing a more comprehensive temporal analysis. In 1962, improvements were made in the registration of malaria cases, and they started to be documented in management reports.
In the second half of the 1960s, during the military regime, the migration process intensifi ed in the region. Road connections were made between Pará and Rondônia and the rest of the country, and therefore, these two areas were the most affected by the migratory infl ux and subsequent alterations to the natural environment. During this period, the construction of large federal highways was initiated, including BR-174 (ManausBoa Vista), BR-319 (Manaus-Porto Velho), and BR-230 (Trans-Amazon highway), attracting a large number of migrants and increasing the migratory fl ow to the remaining regions of the country. Malaria was a signifi cant health problem among the inhabitants of the margin of the Trans-Amazon highway.
Infections by Plasmodium falciparum were more frequent than those by Plasmodium vivax (15) .
Concurrent with the investment in highway construction to colonize the Amazon, the encouragement of the economic model known as the Free Economic Zone, established in Manaus [Zona Franca de Manaus (ZFM)] in the 1970s, attracted multinational companies, particularly from the electronics sector, to the region because of tax exemptions. Therefore, Manaus needed a larger labor force, and this demand triggered a new migratory fl ow from the interior of Amazonas and from other states located in the north and northeast regions of Brazil. This time, migrants moved to the city peripheries in a precarious and uncontrolled manner (16) . Consequently, there was a gradual increase in malaria transmission in peri-urban areas (Figure 3 ), which has persisted to date (17) . This period coincided with the success achieved by the Malaria Eradication Campaign [Campanha de Erradicação da Malária (CEM)] in the 1950s and 1960s in the Extra-Amazon region, which helped to limit the disease to the Amazonian Region, and consequently, the disease lost its political relevance in the national agenda (18) .
With the growing demand for electricity in the ZFM, the construction of a hydroelectric plant in Balbina in 1989, 150km from Manaus, was not followed by an increase in the number of malaria cases in the area due to preparations for the impact of construction (19) ; this strategy was informed by the failure to control disease during the construction of the Tucuruí plant in the State of Pará in 1984 (20) .
The third development cycle
In the 1990s, a new economic cycle began with the goal of strengthening the state's economy. This cycle involved the stimulation of agroforestry activities, particularly fi sh farming, which led to the formation of permanent Anopheline breeding sites (21) (22) . Municipalities that engaged in agribusiness-based economic activities started to contribute to the export of malaria cases to Manaus, as observed by the increased number of malaria cases after holidays or regional festivities in the capital when a large proportion of the population from Manaus travelled to surrounding municipalities (Figure 4) .
The remarkable oscillation in the transmission levels over time emphasizes the lack of sustainable control actions in the state (Figure 3 ). In fact, major development projects in the Amazon significantly influenced the hyperendemic conditions identified in some regions. Nonetheless, some conditions associated with the control programs also impacted this profi le.
Newer projects, such as the Coari-Manaus pipeline that was initiated in July 2006 with the aim of transporting natural gas from the Urucu River Basin (tributary of the middle Solimões River) to Manaus, have taken into consideration environmental health aspects since their inception. An increase in the number of malaria cases was not observed in the areas of infl uence of these projects, suggesting that economic development in the region, when planned properly, did not promote malaria transmission (23) . 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 (24) . In the late 1980s, state initiatives in Pará (Endemic System, 1989) and Rondônia (Malaria System, 1990) created the fi rst computerized surveillance systems, replacing the technical reports that had been the only sources of epidemiological data. The diffi culty in organizing and integrating these systems was the primary limitation to malaria surveillance.
In 1996, the Ministry of Health launched the Information System of the National Malaria Control Program [Sistema de (25) . In Amazonas, the process of health surveillance decentralization began only in 2001, when the control of endemic diseases was transferred to the coordination of the Department One of the motivations for the decentralization process was the complex logistics required due to the extensive territory of Amazonas. Therefore, the technical and logistical planning of malaria control started to consider the geographical characteristics shared by the municipalities that depended on the same drainage basin (26) . The PPACM aimed at a sustainable decrease in the number of malaria cases via the technical strengthening of municipalities and by encouraging the decentralization of surveillance programs. Great success was achieved during the enforcement period, and the number of malaria cases decreased by 65% during this period. Considering that some municipalities achieved very low levels of transmission, state forums raised the possibility of eliminating malaria in some regions. Some of the points that were discussed in this context included: 1) investment in the training of technicians and managers from the municipalities; 2) changing the defi nition of area stratifi cation for disease control, surveillance, and elimination; 3) rational use of insecticides; and 4) investment in the use of LLINs to replace indoor spraying. Limited scientifi c evidence has provided support for the mass implementation of LLINs, justifying the need for further impact studies.
A quantitative improvement in the diagnostic network has been observed over the years. The network of laboratories for the diagnosis of malaria in Amazonas is the largest in the Brazilian Amazon, accounting for 33.7% (1,089/3,224) of the laboratories in the region (2) . The network expanded during the execution of PPACM and of a project fi nanced by the Global Fund that also supported the employment and training of professionals. These measures, combined with the state's concern for the quality of diagnosis, helped Amazonas to achieve an excellent level of quality control and the diagnosis of malaria.
In Amazonas, the decrease in the incidence of falciparum malaria ( Figure 5 ) and improvements in diagnosis over the years might be associated with the decreased occurrence of severe clinical cases of falciparum malaria and of syndromes such as tropical splenomegaly, which was frequently reported in areas of increased transmission of Plasmodium falciparum (27) . It is likely that the introduction of Coartem® in Manaus and other municipalities in its vicinity also contributed to the decrease in P. falciparum prevalence in the state. Conversely, an increase in the number of severe cases of Plasmodium vivax malaria was recently reported, which could be associated with the decompensation of acute and/or chronic comorbidities by malaria (28) (29) . Nevertheless, the overall fatality rate from malaria continues to decrease.
Treatment
Since the introduction of quinine, which for a long time was the only drug used for malaria treatment, major advances have been made in the treatment of malaria, primarily that caused by P. falciparum. With the introduction of chloroquine, the fi rst synthetic drug used in the treatment of this disease, malaria control gained an important tool. This drug was used indiscriminately throughout the second half of the 20 th century, and it was discontinued for the treatment of P. falciparum because of the high frequency of resistant parasite strains in the region (30) . One of the strategies aimed at the control of drug resistance was the Pinotti method, also known as the medicated salt method, which aimed to eliminate sources of infection via the addition of chloroquine to kitchen salt during the 1950s and 1960s (31) .
By meeting the demands of state and municipal coordinating bodies and considering the growing number of studies reporting parasite resistance to antimalarial drugs, the Ministry of Health began to adopt mefl oquine as the drug of choice for the treatment of P. falciparum malaria in the late 1980s. This strategy was maintained until the fi rst half of the 2000s when the drug was replaced by the combination of artemether and lumefantrine (32) , and primaquine is also currently used. Mefl oquine is still used in association with artesunate in the Extra-Amazon region (33) .
Some national studies have indicated the need for novel therapeutic strategies to circumvent the problem of chloroquine resistance for the treatment of P. vivax malaria, which is estimated at 5-10% in Manaus (34) (35) . It is possible that, in the short term, we may have to make use of artemisinin-based combination therapies (ACTs) as the fi rst choice in the State of Amazonas, although other states have not reported cases of chloroquine resistance, which is expected in large areas such as the Brazilian Amazon. Concerned about this issue, the PNCM has supported studies conducted at FMT and the Research Center in Tropical Medicine [Centro de Pesquisa em Medicina Tropical (CEPEM)] in Porto Velho, Rondônia, where a combination of ACTs and primaquine is used for the treatment of P. vivax malaria. This parasite is also able to develop dormant stages (hypnozoites) in the liver, leading to frequent relapses. With the recent interest in malaria elimination in Brazil, P. vivax has become a signifi cant challenge because no good tools are available to tackle hypnozoites and, therefore, relapses can occur (36) . Tafenoquine administered at a single dose of 300mg or 600mg has shown promising results in phase II studies (37) . However, potential hemolysis in patients with glucose-6-phosphate dehydrogenase defi ciency (G6PDd) must be considered in the administration of this drug. In the State of Amazonas, G6PDd prevalence was estimated at 4.5% (38) , and fatal cases have been reported among patients with vivax malaria treated with primaquine (28) . Introduction of tafenoquine as an anti-hypnozoite drug in the PNCM could be an important tool in the future goal of eliminating malaria, and tafenoquine use should stimulate the systematic screening of G6PDd using a rapid point-of-care testing system, although this screening still lacks accuracy and economical evaluation.
CONCLUSIONS
Despite the efforts of the campaigns and control programs implemented by the health care system, malaria continues to present major epidemiological challenges in Amazonas. Over time, there have been major changes in the epidemiological profi le of malaria in the state, resulting in important historical moments for the economic and political situation in the state. Malaria on the rubber plantations was replaced by urban malaria in the ZFM in a process of epidemiological transition associated with the rural exodus and uncontrolled urbanization. Periods of economic growth, with consequent migratory fl ows, are considered the driving factors for malaria transmission. Therefore, for the effective control and eventual elimination of malaria in the state, health factors should be considered in all regional development projects. 
